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Severa l new 3,5-disubstituted mono- a nd bis-2-thiohydantoines were prepared by reaction of 
isothiocyanates with aspartic and gluta mic acids a nd lysine. Thiohydantoines formed were charac
terized by UV and IR sp~ctra and their stability, especially in media of different pH, was examined. 
Th;! ra te constants of the reaction of isothiocyanates with the amino acids a re reported. The 
rate o f dxycli zation of 2-thiohydantoines was found to be a function of OH(- lion concentration. 

3,5-Disubstituted 2-thiohydantoines constitute the group of substances which are 
of interest both as to their physico-chemical properties (5-membered ring with 
two hetero atoms, the stability of which is strongly dependent on pH) and from 
the point of view of their biological activity. According to the current knowledge, 
the biological activity of thiohydantoines may be either inherent property of thio
hydantoine ring or it may be assigned to the products formed by hydrolytic decompo
sition reaction. These are N-substituted thiocarbamoylamino derivatives, or, under 
appropriate conditions, also isothiocyanates. However, the assumption that thio
hydantoines are precursors of isothiocyanates has been questioned, particularly 
in view of the fact that the derivatives studied release isothiocyanates only at pH 
values which are substantially higher than physiological value1

. 

2-Thiohydantoines can be in general prepared by several methods 2
-

4
• For pre

paring the derivatives studied in this work (type A, derivatives I- VII, see Experimental) 
the method reported by Edman4 turned out to be most convenient. This method 
was modified by changing reaction medium. 3,5-Disubstituted 2-thiohydantoines 
were all prepared by the reaction of appropriate isothiocyanates (phenyl, benzyl, 
p-nitrophenyl isothiocyanate and p-phenylene diisothiocyanate) with aspartic and 
glutamic' acids and lysine. Following Edman's procedure, in the first step of the 
reaction, i.e. in addition reaction, we used a pyridine- water (1 : 1) mixture as reaction 
medium, but the low yields of addition products led us to seek for another reaction 
medium. Water-triethylamine (1 : 1) mixture was found to be most suitable. The 
second step of the reaction is cyclization which with all derivatives was carried out 
in 1M-HC1, except for p-phenylene isothiocyanate derivatives which were prepared 
with the use of glacial acetic acid. 
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The reaction of lysine with above isothiocyanates is an exception. Due to the 
presence of two amino groups of comparable basicity (PKa 8·95 and 10·53) (ref.S) 
both amino groups then react with isothiocyanates (derivative III, Table I.) On attemp
ting to utilize only one amino group in the reaction (particularly during kinetic 
measurements) we protected a-amino group by acetylation and prepared a-N-acetyl
-L-lysine11. 

Prepared 3,5-disubstituted 2-thiohydantoines as well as corresponding bis-deriva
ti.ves of type B (compounds VIII -X, see Experimental) show in UV region two 
absorption bands; the strong band (log B > 4) at 265-270 nm is assigned to "N" 
conjugation in thiohydantoine ring (so called thioamide band)6

•
7

• As follows from 
Table II, substances VI and VII, contrarily to the other derivatives, show additional 
absorption band at around 340 nm which can be denoted as "K" band of the conju
gated system formed due to the presence of the nitro group on benzene ring. 

TABLE I 

3,5-Substituted 2-Thiohydantoines 

No 

II 

Ill 

IV 

v 

VI 

VII 

VIII 

IX 

X 

Formula 
m.w. 

CttHtoNz03S 
250·3 

C 12H 12N20 3S 
264·3 

CzoHzzN40Sz 
398·5 

C12HtzNz03S 
264·3 

C13H 14N20 3S 
278·3 

CttH9N30sS 
295·3 

CtzHttN30sS 
309·3 

Ct4Ht4N40zSz 
334·4 

C16Ht4N406Sz 
422·4 

CtsHtsN406S2 
450·5 

M.p., °C 
yield, % 

228-229a 
70 

165-167a 
68 

164 
65 

152 
60 

250b 

58 
94-95 

62 
139 

65 
250b 

68 
300b 

59 
280b 

56 

Calculated/ Found 

% N %S 

10·60 10·95 12·13 12·05 

10·07 10·16 11·52 11 ·76 

14·23 14·24 10·86 10·70 

13-59 13·65 10·37 10·23 

16·75 16·76 19·18 19·00 

13·26 13·39 15·18 15·16 

12·43 12·46 14·24 14·24 

a Ref.4 records m. p. 229°C (/)and 166°C (1/); b decomposition. 
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The infrared spectra of studied 3,5-disubstituted 2-thiohydantoines show a number 
of bands, of which characteristic ones are those corresponding to the vibrations of 
ring C=O group (1760-1785cm- 1

) and free carbonyl group (17l0-1740cm- 1). 

These two different carbonyl groups could be distinguished by comparing the com
pounds under study with the derivatives containing amidic carbonyl only (derivatives 
III and VIII, Table II). 

S= C--N-j-\_N- C= S 
I I \=/ I I 

R- N-C= S 
I I 

O= C NH ""/ CH 
I 

R 

A 

HN C= O O= C NH 

""/ ""/ CH CH 
I I 
R R 

B 

For the purpose of comparison of the reactivity of isothiocyanates with various 
amino acids, the rate constants of the addition of the above mentioned amino acids 
were determined by the method described earlier8

•
9

. The conditions used (pseudomo
nomolecular reaction) excluded the competition reaction with on- ions, so that 
the UV spectra measured after completion of the reaction were the spectra of cor
responding N-substituted thiocarbamoylamino acids. 

As follows from Table III, the rate constants k of the addition of the amino acids 
(nL-aspartic and DL-glutami~ acids, L-lysine) are comparable within one order of 

TABLE II 

Spectral Characteristics (lmax in nm, v(C= O) in cm- 1
) of 2-Thiohydantoines I-X 

No Amax,lst loge Amax,2nd loge v(C=O)ring V (C= O)carboxyl 

234sh 4·07 270 4·34 1 780 1 720 
II 235sh 4·02 270 4·32 1 785 1 730 

III 268 4·50 1 780 

IV 234 4·02 267 4·27 I 770 1 740 

v 235 3·94 267 4·26 1 760 1 710 
VIa 225 4·23 265 4·30 1 775 1 740 
Vllb 225 4·22 265 4·33 1 760 I 715 

VIII 267 4·30 1 775 

IX 269 4·48 1 770 I 730 

X 225 4·44 269 4·50 1 770 1 730 

a Amax,Jrd 340 nm, loge 4·05; b Amax,Jrd 340 nm, log e 3·95. 
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magnitude with the values determined for the reaction of glycine by Drobnica and 
Augustin8

• On reaction of L-lysine and s-N-acetyl-L-lysine with phenyl and benzyl 
isothiocyanate and p-phenylene diisothiocyanate both amino groups of the former 
compound undergo transformation, which is indicated by much lower rate constant 
k of the reaction of s-N-acetyl derivative. 

The stability of 2-thiohydantoine ring was examined at two different pH's. The 
rate of decyclization was found to be a function of concentration of OH- ions 
(Table IV). It may be assumed that OH- ion attacks electron-deficient carbon of the 
carbonyl group of 2-thiohydantoine ring (Equation A)). As outlined in the scheme, 
the product of the 

R - N- C= S 
I I 

O= C NH 
"--._/ 

CH 

J, 

-l <-=.> #'s ~-~ R- N- C 
OH- 0 - "--._NH 
~ ~ / --+ ~ 

0 - CH 
HO/ "--._R , 

,~s coo< - > 
R- NH- C I (A) 

"--._NH- CH- R ' 

decyclization ·is corresponding N-substituted thiocarbamoylamino acid, which was 
proved by comparison of the UV spectra of reaction products with the spectra of 
N-substituted thiocarbamoylamino derivatives. 

TABLE III 

Rate Constants k ' (min - l ) and k(l mol- 1 min -l) of Addition of Amino Acids to Isothiocyanates 

Amino .acid Isothiocyanate k ' . 102 k f1;2,min 

DL-Asp phenyl 2·55 ± 0·05 20·20 ± 0·55 27·1 
DL-Glu phenyl 3·15 ± 0·20 22·80 ± 1·4 22·0 
L-Lys phenyl 10-40 ± 0-40 40·80 ± 1·4 6·6 
Acetyl-Lys phenyl 2·57 ± 0·11 10·90 ± 0-45 26·9 
DL-Asp benzyl 0·315 ± 0·02 2·69 ± 0·15 220·0 
DL-Glu benzyl 0-481 ± 0·01 3-46 ± 0·03 144·0 
L-,Lys benzyl 0·856 ± 0·20 3·37 ± 0·10 80·9 
Acetyl-Lys benzyl 0·419 ± 0·08 1·94 ± 0·04 165·3 

DL-~Sp p-nitrophenyl 1·042 ± 0·05 20·20 ± 0·03 66·6 
DL-Glu p -nitrophenyl 6·30 ± 0·07 45·30 ± 0·40 ]] ·0 
DL-Asp p-phenylenedi- 69·0 ± 1·00 585·0 ± 2·0 1·0 
DL-Ciu p -phenylenedi- 102·0 ± 2·00 734·0 ± 4·0 0·67 
DL-Lys p-phenylenedi- 207·0 ± 1·50 815·0 ± 3·0 0·33 
Acetyi-Lys p-phenylenedi- 245·0 ± 2·00 1140·0 ± 5·0 0·28 

Collec tion Czech os lov . Chem. c ommu n . [Vol. 39) (1974) 



Physico-Chemical Properties of Some 2-Thiohydantoines 

TABLE IV 

Rate Constants of Decyclization, k'(min - 1), at Different pH (25 ± 0·2°C) 

EXPERIMENTAL 

Derivative 

II 
III 

k'. 102 at pH 

9·77 

0·36 ± 0·020 
0·88 ± 0·015 
0·88 ± 0·022 

10·52 

1·60 ± 0·005 
1·08 ± 0·011 
1·20 ± 0·002 
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Isothiocyanates (benzyl, phenyl , 4-nitrophenyl isothiocyanate and p-phenylene diisothiocyanate) 
used to synthesize 3,5-disubstituted 2-thiohydantoines were prepared by thiophosgene method 
from appropriate amines10

. DL-aspartic and DL-glutamic acids as well as L-lysine were commercial 
preparations (Lachema and Koch-Light) . 

3,5-Disubstituted 2-thiohydantoines. Ten mmol of an appropriate amino acid were dissolved in 
25 ml of water and 25 ml of triethylamine, pH of the solution was adjusted to 9 by 1M-NaOH, 
and the temperature of the solution was raised to 40°C. Then 12 mmol of corresponding isothio
cyanate were added in one portion, while stirring, and the reaction mixture was allowed to stir 
until the reaction was completed (30- 60 min) . The pH of the mixture was kept during the reaction 
at ~ 9. After the reaction stopped (no change in pH value), the solvents were removed on vacuum 
evaporator, to yield crystalline addition product. Recrystallized products were used as standards 
for identification of the products of decyclization of2-thiohydantoines (see kinetic measurements). 

N-substituted thiocarbamoylamino acids so prepared were subjected to cyclization in 1M-HCI 
(reflux for 2-5 h). The reaction mixture was evaporated to dryness on vacuum evaporator and 
the residue was crystallized from 2% ethanolic HCI solution 

E-N-acetyl-L-Iysine was prepared by the method reported by Leclerc and Benoiton 11
, by 

acetylation with phenyl acetate at pH 1 I. The derivatives of 2-thiohydantoines with E-N-acetyi
-L-Iysine were prepared in the above described way. Prepared 3,5-disubstituted 2-thiohydantoines 
of type A are listed in Table I, where R, R' is for I (C6 H 5-, CH2 COOH); II (C6 H 5 - , 

(CH2 )zCOOH); Ill (C6 H 5-, (CH 2) 4- NH- CS-NH- C 6 H 5); IV (C6 H 5 CH2- , CH2 COOH); 
V (C6 H 5 CH2- , (CH2 )zCOOH); VI (4- N02- C 6H 4- , CH 2COOH); VII (4- N02-C6 H 4-, 

(CH2)zCOOH), along with bis-2-thiohydantoines of type B where R is for VIII (-CH3), IX 
(-CH2 COOH), X ((CH2)zCOOH). 

The UV spectra in the 220 - 360 nm region were recorded with Specord UV VIS spectrophoto
meter (Zeiss, Jena) using 10 mm thick cells. TheIR spectra were taken with Zeiss, Model UR-20, 
spectrophotometer (700 - 3 600 em- 1 , KBr pellets: 2 mg compoundj lg KBr). 

Kinetic measurements were carried out on Specord UV VIS spectrophotometer at 25 ± 0·2°C. 
The buffers were adjusted on pH-meter (Radelkis, Budapest) with the accuracy of ±0·01. 

Kinetics of the addition reaction was measured using the reaction mixture containing 9 ml of 
0·1M borate buffer (pH 9·77), 0·5 ml of 0·05M aqueous solution of amino acid and 0·5 ml of 
0·001 M methanolic isothiocyanate solution . Apparent rate constants k' (min - 1

) were calculated 
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from linear dependence of log /!,.£ on time. Rate constants proper, k 1 (1 mol-l min -I), were 
obtained by dividing k' by the concentration of amino acids present in the form of the base 
(pK: DL-aspartic acid 9·60, DL-glutamic acid 9·67, L-lysine see above) . 

The rate of decyclization was measured by following changes in the extinction corresponding 
to absorption maximum of 2-thiohydantoine dissolved in 0·1M borate buffers of pH 9·77 and 
10·52. Rate constants k' were calculated from the expression for pseudo-first order reaction. 
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